BACKGROUND: Phenols and phthalates may have immunomodulatory and proinflammatory effects and thereby adversely affect respiratory health. OBJECTIVE: We estimated the associations between gestational exposure to select phthalates and phenols and respiratory health in boys. METHODS: Among 587 pregnant women from the EDEN (Etude des Déterminants pré et post natals du développement et de la santé de l'Enfant) cohort who delivered a boy, 9 phenols and 11 phthalates metabolites were quantified in spot pregnancy urine samples. Respiratory outcomes were followed up by questionnaires until age 5, when forced expiratory volume in 1 s (FEV 1 ) was measured by spirometry. Adjusted associations of urinary metabolites log-transformed concentrations with respiratory outcomes and FEV 1 in percent predicted (FEV 1 %) were estimated by survival and linear regression models, respectively. RESULTS: No phenol or phthalate metabolite exhibited clear deleterious associations simultaneously with several respiratory outcomes. Ethyl-paraben was associated with increased asthma rate [hazard rate ðHRÞ = 1:10; 95% confidence interval (CI): 1.00, 1.21] and tended to be negatively associated with FEV 1 % (beta = − 0:59; 95% CI: −1:24, 0.05); bisphenol A tended to be associated with increased rates of asthma diagnosis (HR = 1:23; 95% CI: 0.97, 1.55) and bronchiolitis/bronchitis (HR = 1:13; 95% CI: 0.99, 1.30). Isolated trends for deleterious associations were also observed between 2,5-dichlorophenol and wheezing, and between monocarboxynonyl phthalate, a metabolite of di-isodecyl phthalate (DIDP), and wheezing. CONCLUSION: Ethyl-paraben, bisphenol A, 2,5-dichlorophenol, and DIDP tended to be associated with altered respiratory health, with ethyl-paraben and bisphenol A exhibiting some consistency across respiratory outcomes. The trends between bisphenol A pregnancy level and increased asthma and bronchiolitis/bronchitis rates in childhood were consistent with a previous cohort study. https://doi
Introduction
Asthma is now the most frequent chronic childhood disease, affecting ∼ 10% of children in Western countries (Baldacci et al. 2015) . Changes in the prevalence of exposure to environmental factors in the 20th century, including synthetic chemicals, have been suggested to contribute to the increased asthma prevalence (Bornehag and Nanberg 2010) . Concern exists specifically regarding phenols and phthalates, two families of suspected endocrine disruptors.
Phenols and phthalates are produced in large volumes. Bisphenol A is found in food packaging or epoxy resins (such uses were banned in France in 2015). Other phenols, such as parabens, benzophenone-3, and triclosan are found in cosmetics, sunscreens, and antibacterial soaps, while some dichlorophenols are intermediates in the production of herbicides and room deodorizers. Phthalates are mainly used as plasticizers and are present in many plastic products, such as polyvinyl chloride floor covering, toys, and food packaging. Some phthalates are components of solvents and personal care products (e.g., soap, nail polish, lotion, fragrances), and are used as excipients in pharmaceuticals (Koniecki et al. 2011) .
Due to immaturity of the lungs, and of the immune system and due to the physiology of development, early-life exposures may have long-term adverse effect on respiratory health (Miller and Marty 2010) . Experimental evidence suggests that bisphenol A and phthalates such as di(2-ethylhexyl) phthalate (DEHP), diisononyl phthalate (DINP), and butylbenzyl phthalate (BBzP) or their monoester metabolites can cross the placenta and may have proallergic properties (Bornehag and Nanberg 2010; Kwak et al. 2009 ). In mice, prenatal exposure to bisphenol A has been associated with increased allergic sensitization and bronchial inflammation (Nakajima et al. 2012) . In humans, few longitudinal studies focused on the prenatal exposure window and have reported increased rates of asthma, wheeze, and respiratory tract infections with bisphenol A, BBzP, and DEHP metabolites (Donohue et al. 2013; Gascon et al. 2015; Ku et al. 2015; Smit et al. 2015; Spanier et al. 2012 Spanier et al. , 2014b Whyatt et al. 2014a Whyatt et al. , 2014b . No prospective study evaluated the impact of phenols other than BPA on respiratory health; regarding phthalates, DINP and di-isodecyl phthalate (DIDP), which are increasingly used as DEHP substitutes, have not been studied. Only one study examined the association between pulmonary function in childhood and prenatal exposure to phenols or phthalates; the study related bisphenol A to spirometric tests, and it suggested an adverse association between bisphenol A level and spirometric tests at 4 y but not at 5 y of age (Spanier et al. 2014b ). To our knowledge, no study has investigated the effects of prenatal exposure to other phenols or phthalates on pulmonary function measurements.
Our aim was to characterize associations between prenatal exposure to select phenols and phthalates and the development of respiratory pathologies in the first 5 y of life and pulmonary function in male offspring 5 y old. Compounds with the highest a priori likelihood in favor of an effect were, on the basis of animal studies, DEHP, bisphenol A, and, to a lesser extent, DINP.
Methods

Data Source
This study relied on a subgroup of the EDEN (Etude des Déterminants pré et post natals du développement et de la santé de l'Enfant) mother-child cohort. Briefly, 2,002 pregnant women were recruited before 24 gestational wk in two university hospitals in Nancy and Poitiers, France. Exclusion criteria included prepregnancy diabetes, multiple gestation, inability to read or speak French, and moving outside the region planned within the next 3 y. The detailed study protocol has been described previously (Philippat et al. 2014 ).
The present study included all male offspring with metabolites of pregnancy phenols and phthalates measured in a maternal spot urine sample and for whom at least one completed respiratory questionnaire or an acceptable pulmonary function test (spirometry) was available. Phenols and phthalates biomarkers were originally quantified in the urine samples of male offspring's mothers only, as part of previous studies investigating the impact of maternal exposure to endocrine disruptors on male genital anomalies and further on male fetal and postnatal growth Philippat et al. 2014 ). All participants provided written informed consent for themselves and their offspring for biological measurements and data collection. The EDEN cohort was approved by the following ethics committees: Comité Consultatif de Protection des Personnes dans la Recherche Biomédicale (CCPPRB) of Kremlin Bicêtre on 12 December 2002 and Commission Nationale Informatique et Liberté, which is the French data privacy institution (Heude et al. 2016) . The involvement of the Centers for Disease Control and Prevention (CDC) did not constitute engagement in human subject research.
Exposure Assessment
Between 23 and 29 gestational wk, pregnant women were asked to come for a clinical examination with a sample of their first morning void. If forgotten, the urine sample was collected during the study visit. Polypropylene containers were used to avoid any contamination, and urine samples were stored at −80 C before shipments for analyses to the CDC laboratory in Atlanta, Georgia, at two distinct periods.
Urinary concentrations of creatinine, nine phenols, and 11 phthalates metabolites (listed in Tables 1 and S1 ) were measured. Molar concentrations were summed for four parabens ( P parabens), 2,4 and 2,5-dichlorophenols ( P dichlorophenols), four DEHP metabolites ( P DEHP), total low-molecular-weight (<250 g=mol) phthalates ( P LMW), and high-molecular-weight (>250 g=mol) phthalates ( P HMW). Concentrations under the limit of detection were replaced by instrumental reading values or by the compound-specific lowest instrumental reading value divided by the square root of two when the instrumental reading value was missing. Biomarkers and creatinine concentrations were quantified following identical analytical methodology in 2008 (n = 191) and in 2011 (n = 413) (Philippat et al. 2014) . A two-step standardization approach was applied to reduce the undesirable variability in biomarker urinary concentrations owed to sampling conditions. First, linear regressions were conducted to estimate the effects of sampling conditions (day and hour of sampling, gestational age at urine collection, storage duration at room temperature before freezing, and year of biomarker analysis) and level of creatinine on each ln-transformed biomarker concentration. Second, these regression estimates were used to predict standardized concentrations that would have been observed if all samples had been collected under identical conditions .
Respiratory Health
The French-enriched version of the International Study of Allergy and Asthma in Children self-report questionnaires was used to assess doctor-diagnosed asthma, wheezing at age 8 months and at each year until age 5 y, and bronchiolitis/bronchitis episode until age 3 y in offspring. Doctor-diagnosed asthma and wheezing were defined from the questions: "Did your child ever have a medical diagnosis of asthma?" and "In the last 12 months (or since birth for the first questionnaire), has your child had wheezing in the chest?" Bronchiolitis/bronchitis was defined from the question: "In the last 12 mo (or since birth for the first questionnaire), has your child had a bronchiolitis or bronchitis?" Spirometry was performed using SpiroBank ® G Spirometer by MIR (Rome, Italy) at about 5 y of age by trained personnel, following the American Thoracic Society/European Respiratory Society (ATS/ERS) guidelines. Boys were seated, wearing nose clips. Between three and eight forced expiratory maneuvers were performed. Results were classified by a pediatric pulmonologist as acceptable or unacceptable in accordance with ATS/ERS recommendations for preschool children (Beydon et al. 2007) . Criteria for an acceptable maneuver were: a rapid rise and a smooth or convex descending limb in the flow-volume curve, without artifact (glottic closure, cough, leaks), with forced expiration times larger than 1 s. We considered the forced expiratory volume in 1 s (FEV 1 ), a standardized and reproducible test (National Asthma Education and Prevention Program 2007). The highest FEV 1 from any of the satisfactory maneuvers was expressed as a percentage of the age-, height-, sex-, and ethnic-specific predicted value (FEV 1 %) calculated with the Global Lung Initiative equations (Quanjer et al. 2012) .
Statistical Analysis
Associations between each biomarker standardized concentration and the first occurrence of respiratory outcomes were investigated by distinct discrete time survival models with a complementary log-log link function (Jenkins 1995) . FEV 1 % followed approximately a normal distribution and was analyzed by distinct linear regression models in which biomarker concentrations were considered separately as ln-transformed continuous concentrations. To describe the dose-response relationship, exposure was additionally categorized into tertiles of biomarker concentrations. We calculated p-values for trends using a variable with three categories whose values corresponded to the median value in each tertile, coded in models as a continuous variable (Rothman et al. 2008) . Adjustment variables were identified a priori from a review of the literature. Variables were retained in the model if they were associated with the outcome (p ≤ 0:20) or if their removal or addition changed the regression coefficients of the associations between phenols or phthalates biomarkers and the outcome by >10%. Selected variables included center of recruitment (Nancy/Poitiers); residence area (city center/urban area/rural area); maternal country of birth (mainland France/others); parental history of asthma, rhinitis, eczema, or food allergies; the highest parental education level (≤high school + 1 y=high school + 2 y= ≥ high school + 3 y); passive or active maternal smoking during pregnancy (yes/no); presence of older siblings; child care attendance before 1 y; and postnatal passive smoking (yes/no, time-varying covariate in survival models). FEV 1 % models were additionally adjusted for offspring's age (continuous) and height (restricted cubic splines coding) at pulmonary function assessment. Missing data in covariates (between 0.17% and 24.7%) were imputed with multiple imputation methods (White et al. 2011 ). We did not formally test statistical significance nor correct for multiple comparison, but in interpreting results, we looked for consistency of deleterious associations across several respiratory phenotypes. We conducted further sensitivity analyses to address the robustness of the results a) to the standardization of the concentrations by repeating analyses with nonstandardized concentrations and b) after excluding offspring with the following major risk factors of respiratory symptoms: preterm birth, smoking mother, or parental history of asthma. Analyses were conducted using STATA 12.1 (Stata Corp).
Results
Population
The EDEN cohort included 995 live-born male offspring. From previous studies that investigated the effects of maternal exposure to endocrine disruptors on male genital anomalies and male fetal and postnatal growth, we used urine samples of the mothers of 604 boys in which phenol metabolites had been measured. At least one respiratory questionnaire that had been completed by a parent was available for 587 boys who were included in the analyses of respiratory outcomes. The numbers of boys with complete follow-up data were 428 (73%) for bronchiolitis/bronchitis (until 3 y of age) and 350 (60%) and 447 (76%) for wheezing and asthma diagnosis, respectively (follow-up until 5 y of age). One value for at least one covariate was missing for 277 boys. A spirometric test has been performed in 397 (68%) out of the 587 boys. For 95% of these boys, spirometry occurred between 5.4 and 6.0 y of age, 39% out of 397 boys were excluded due to insufficient forced expiratory times, and 4% did not meet the criteria considered acceptable for at least one of their spirometric tests, so that 228 boys (57%) were included in the present study for FEV 1 % analysis. Participants included in the analyses were comparable to the excluded EDEN male offspring with regard to most characteristics, but were more likely to have highly educated parents, to be born from French metropolitan mothers, and to live in a nonsmoking environment (Table 2) .
Of the compounds measured, those with the highest (raw or standardized) urinary concentrations were for the phenols, triclosan and methyl-paraben, and for the phthalates, monoethyl phthalate (MEP) and mono(2-ethyl-5-carboxypentyl) (MECPP) ( Table 1) . Within compounds, crude and standardized concentrations were highly correlated (r ≥ 83%). Standardized concentrations of dichlorophenols, parabens, and DEHP metabolites were highly correlated within each family of compounds (r ≥ 0:80). Strong correlations (r ≥ 0:83) existed also between molar sums and associated compounds. The other correlation coefficients between standardized concentrations were below 0.66 (Tables  S2-S3) .
Asthma was diagnosed in 112 boys by age 5 y [cumulative incidence rate (CIR) at 5 y, 20.4%; 95% confidence interval (CI): 17.2, 24.0%] and parents reported wheezing in 254 boys (CIR = Note: 5th, 50th, 95th, percentiles; P DEHP, molar sum of di(2-ethylhexyl) phthalate metabolites (MEHHP, MEOHP, MECPP, MEHP); P Dichlorophenols, molar sum of 2-dichlorophenols (2,4-dichlorophenol, 2,5-dichlorophenol); P HMW, molar sum of high-molecular-weight phthalates (MCPP, MBzP, MCNP, MCOP, MEHHP, MEOHP, MECPP, MEHP); P LMW, molar sum of low-molecular-weight phthalates (MEP, MnBP, MiBP); LOD, limit of detection; MBzP, monobenzyl phthalate; MCNP, monocarboxynonyl phthalate; MCOP, monocarboxy-isooctyl phthalate; MCPP, mono (3-carboxypropyl) phthalate; MECPP, mono(2-ethyl-5-carboxypentyl) phthalate; MEHP, mono(2-ethylhexyl)phthalate; MEHHP, mono-(2-ethyl-5-hydroxyhexyl) phthalate; MEOHP, mono(2-ethyl-5-oxohexyl)phthalate; MEP, monoethyl phthalate; MnBP, mono-n-butyl phthalate; MiBP, mono-isobutyl phthalate; P Parabens, molar sum of parabens (methyl-, ethyl-, propyl-, butyl-parabens); p het , p-values of heterogeneity. Parent phthalates are detailed in Table S1 . Standardized for urine sampling conditions (creatinine level, day and hour of sampling, gestational age, storage duration at room temperature, and year of analysis), as detailed in Mortamais et al. (2012) .
c Spearman correlation between measured and standardized biomarkers concentrations.
45:0%; 95% CI: 41.0, 49.3%). Bronchiolitis/bronchitis cumulative incidence was 70.4% at 3 y (95% CI: 66.6, 74.2%; Figure S1 ). Average FEV 1 % was 91.0% (5th-95th percentiles: 72.7-107.5%) and tended to be lower in children with doctor-diagnosed asthma and history of wheezing or bronchiolitis/bronchitis (not detailed).
Phenols and Respiratory Health
Ln-transformed ethyl-paraben standardized concentration was associated with increased rate of doctor-diagnosed asthma [hazard rate (HR) for 1-unit increase in ln-transformed concentration, 1.10; 95% CI: 1.00, 1.21, p = 0:04] and reduced mean FEV 1 % (beta for 1-unit increase in ln-transformed concentration, −0:59%; 95% CI: −1:24, 0.05; p = 0:07). Bisphenol A tended to be associated with increased rates of asthma (HR, 1.23; 95% CI: 0.97, 1.55; p = 0:09) and of bronchiolitis/bronchitis (HR, 1.13; 95% CI: 0.99, 1.30; p = 0:08). Ln-transformed 2,5-dichlorophenol concentration was associated with an increased incidence of wheeze (HR, 1.08; 95% CI: 1.00, 1.17; p = 0:04). Methyl-paraben was associated with reduced rates of bronchiolitis/bronchitis (HR, 0.94; 95% CI: 0.88, 1.00; p = 0:05) and of wheezing (HR, 0.92; 95% CI: 0.85, 1.00; p = 0:05). Similar trends were found for propyl-paraben (Table 3 , Figure 1A ). Benzophenone-3 tended to be associated with reduced rate of wheezing (HR, 0.93; 95% CI: 0.86, 1.01; p = 0:08). Models with concentrations coded in tertiles showed coherent results (Table 3) . No clear association with any respiratory outcome was observed with the other phenols. In sensitivity analyses, very small variations in regression estimates were observed when standardized biomarker concentrations were replaced by raw concentrations. Analyses restricted to fullterm boys (n = 562 and 217 for survival analyses and FEV 1 % analyses, respectively), to boys from nonsmoking mothers (n = 447 and 171), or nonasthmatic parents (n = 470 and 185) led to similar trends of deleterious associations between ethyl-paraben and both asthma diagnosis and FEV 1 %, between bisphenol A and asthma, as well as bronchiolitis/bronchitis and between 2,5-dichlorophenol and wheezing. Similarly, trends for protective associations between methyl-paraben and wheezing or bronchiolitis/bronchitis remained (Tables S4-S10 ).
Phthalates and Respiratory Health
No phthalate metabolite was clearly associated with several respiratory outcomes, but monocarboxynonyl phthalate (MCNP) tended to be associated with increased rate of wheezing (HR for 1-unit increase in ln-transformed concentration, 1.11; 95% CI: Figure 1B ). Mono(3-carboxypropyl) phthalate (MCPP) tended to be associated with a reduced rate of bronchiolitis/bronchitis (HR = 0:89; 95% CI: 0.79, 1.02). When biomarkers' concentrations were categorized into tertiles, we observed the same trends of associations (Table 4) .
Sensitivity analyses led to similar results for the phthalates metabolites, with consistent HRs and beta coefficients (Tables S5-S11 ).
Discussion
This study evaluated possible deleterious effects of prenatal exposure to phthalates and phenols on respiratory health in childhood. In our male population, associations were not in the same direction across chemicals. First, increased levels of ethyl-paraben, bisphenol A, 2,5-dichlorophenol, and DIDP tended to be associated with altered respiratory health, with ethyl-paraben and bisphenol A exhibiting some consistency across respiratory outcomes. Adjusted associations of (A) phenols and (B) phthalates metabolites ln-transformed standardized concentrations with respiratory outcomes (HR, n = 587) and FEV 1 % in boys (beta, n = 228, EDEN cohort). Effect estimates for 1-unit increase in ln-transformed standardized concentrations. Adjusted for center, residence area, parental history of asthma/allergies, maternal ethnicity, maximal parental education level, passive or active smoking during pregnancy, postnatal passive smoking, older siblings, child care (and additionally adjusted for boy's height and age in spirometry analysis). Multiple imputation was used to handle missing values in covariates (100 imputations were performed). Phenols and phthalates metabolites concentrations were standardized for urine sampling conditions (see Methods section). Diamond and triangle markers represent HR and beta values, respectively, with error bars for 95% CI. Inversely, and contrary to our a priori hypothesis, we observed reduced rates of bronchiolitis/bronchitis and wheezing with increased exposure to methyl-and propyl-parabens and benzophenone-3. MCPP, a metabolite of di-n-octylphthalate, di-n-butyl phthalate (DnBP), and several HMW phthalates tended to reduce rates of bronchiolitis/bronchitis. Regarding bisphenol A, a study of 208 children reported a strong inverse association between prenatal bisphenol A concentration and FEV 1 % at age 4 y (beta = − 14%; 95% CI: −25, −4 for an increase by one log 10 unit), which totally disappeared at age 5 y (beta = 0:04; 95% CI: −9, 9) (Spanier et al. 2014b ). The latter wide CI is consistent with our results at age 5 y estimated for a log 10 unit (beta = − 1, 95% CI: −5, 3). Regarding associations between prenatal bisphenol A exposure and questionnairebased respiratory outcomes, Donohue et al. (2013) reported no association with asthma status evaluated once between ages 5 and 12 y, whereas Gascon et al. (2015) reported trends of deleterious association with asthma, bronchitis, and chest infections until age 7 y (point estimates for relative risks for 1-unit increase in log 2 -transformed concentration varied from 1.15 to 1.21 across phenotypes). In a larger population with a similar bisphenol A concentration range, our results also suggested elevated rates of doctor-diagnosed asthma and bronchiolitis/bronchitis of similar effect sizes to Gascon et al. (2015) . Regarding wheezing, our study did not evidence any association, and results from the previous studies are inconsistent, with studies reporting either protective association (Donohue et al. 2013) or trend for deleterious association (Gascon et al. 2015; Spanier et al. 2012 Spanier et al. , 2014b . Spanier et al. (2014b) showed that the association was stronger considering concentrations from urine samples collected at 16 gestational wk compared with 26 gestational wk, suggesting that the exposure window may play a role in the association with wheezing. In mice, prenatal exposure to bisphenol A through drinking water promoted the development of allergic asthma in offspring (Nakajima et al. 2012) . Bisphenol A may affect the immune functions and increase IgE serum levels or the production of proallergic mediators, such as cytokine interleukin 4 (Kwak et al. 2009; Rogers et al. 2013) . Such immune effects might be mediated by interactions with oestrogen receptors or the family of peroxisome proliferator-activated receptors (PPARs) (Rogers et al. 2013) .
The literature regarding other phenols is limited to crosssectional studies. In our study, 2,5-dichlorophenol tended to be associated with wheezing rate, an association never considered, to our knowledge, in a prospective setting. The protective associations we observed between methyl-paraben or propyl-paraben and wheezing or bronchiolitis/bronchitis are in line with those previously reported with nonatopic wheezing (Savage et al. 2012; Spanier et al. 2014a) . One proposed hypothesis might be an effect through their antimicrobial properties (Savage et al. 2012 ). To our knowledge, no previous experimental or human study considered association between benzophenone-3 and risk of wheezing.
Only one cross-sectional study has investigated associations of several phthalates and pulmonary function, reporting deleterious associations of spirometric measurements with MCPP, mono-n-butyl phthalate (MnBP), and DEHP metabolites (Cakmak et al. 2014) . In a population somewhat older than ours (boys were 6-16 y old), FEV 1 % decreased with urinary concentrations of DEHP metabolites, consistently with the trend observed in our study; associations were stronger with the forced vital capacity (FVC) and the ratio FEV 1 =FVC, outcomes that we could not consider. We also observed suggestive associations between MCOP and MiBP concentrations and decreased FEV 1 % (p = 0:12 and p = 0:13, respectively, for the log-transformed concentrations), associations which have, to our knowledge, never been considered so far.
Combining two cohorts, Smit et al. (2015) did not observe any association between serum oxidative metabolites of DEHP, DINP, and wheeze or asthma in children evaluated at one time point between 5 and 9 y of age. Whyatt et al. (2014a) reported elevated risks of asthma or asthma-like symptoms between 5 and 11 y associated with urinary metabolites of BBzP and DnBP (represented by monobenzyl phthalate (MBzP) and MnBP, respectively), which were not observed in the boys from our study. Gascon et al. (2015) showed deleterious associations of BBzP and DEHP urinary metabolites with asthma, wheeze, chest infections, and bronchitis until age 7 y, which we did not confirm in our male population followed until 5 y. Ku et al. (2015) reported deleterious associations between urinary metabolites of BBzP or DEHP and wheeze at age 8 y in boys, which, again, we could not confirm until age 5. The strongest deleterious association of phthalates metabolites with respiratory outcomes was observed for MCNP (DIDP metabolite), not investigated in the previous longitudinal studies, and for which our study provides only limited evidence in favor of associations with wheezing (p, 0.09 for log-transformed coding) and asthma diagnosis (p, 0.16). Currently, DIDP and DINP are increasingly used as substitutes to Table S1 (Supplemental material). a Models adjusted for center, residence area, parental history of asthma or allergies, maternal ethnicity, maximal parental education level, maternal or passive smoking during pregnancy, postnatal passive smoking, older siblings, and child care. Missing values in covariates were imputed for at least one covariate in 277 boys, using the multiple imputation by chained equations multiple imputation method (100 imputations were performed).
b
Additionally adjusted for child's height and age.
c Standardized for urine sampling conditions (creatinine level, day and hour of sampling, gestational age, storage duration at room temperature, and year of analysis), as detailed in Mortamais et al. (2012) . Guo et al. 2012; Sadakane et al. 2014) , inhalation (Hansen et al. 2007 ), or subcutaneous injection (Lee et al. 2011) . These mechanisms may enhance airway hyper-responsiveness by the infiltration of inflammatory cells in lung tissue (Miller and Marty 2010; Rakkestad et al. 2010) . DEHP may also interact with the PPARs nuclear receptors superfamily and lead to abnormal alveolar maturation and reduced surfactant production (Miller and Marty 2010) .
We relied on discrete time survival modeling to assess associations with respiratory diseases. This approach was justified by the prospective nature of our study and has the advantage of allowing for efficiently taking into account subjects lost to follow-up and timing of disease occurrence as well as incorporating time-varying adjustment factors, such as postnatal passive smoking. Few previous studies on this topic [e.g., (Gascon et al. 2015) ] had relied on survival modeling, to our knowledge.
The present study considered an objective measure of the pulmonary function at an early age. FEV 1 is the most widely used lung function measurement in epidemiology, with strong reproducibility (National Asthma Education and Prevention Program 2007). However, obtaining satisfactory forced expiratory manoeuvers is difficult in children under 6 y of age, as very young children are not always able to produce prolonged expirations (Beydon et al. 2007) . We therefore did not analyze the FVC and the ratio FEV 1 =FVC, and 39% of the eligible children were not considered in the analysis of FEV 1 because of exhalation times shorter than 1 s. Still, like in a previous study in a similar age range population (Spanier et al. 2014b) , mean FEV 1 % (90.0%) was lower than expected. In young children, FEV 0:5 or FEV 0:75 could be of interest, but were not available in our study. From the questionnaires, we were not able to differentiate bronchiolitis and bronchitis occurrences, since only one question was asked for these diseases. Additionally, our study did not take into account the well-known wheezing phenotypic heterogeneity relying on age at onset and persistency of symptoms (Martinez et al. 1995) , as it would require a larger sample size to ensure a satisfactory statistical power.
The initial purpose of phenols and phthalates assays in the EDEN cohort was to investigate the impact of maternal exposure to ubiquitous endocrine disruptors on male genital organogenesis ). This was followed by studies on fetal and postnatal growth in male offspring (Philippat et al. , 2014 . Hence, data on prenatal exposures were available in boys only. Thus, our study was unable to address the existence of sexspecific effects suggested by previous studies (Cakmak et al. 2014; Gascon et al. 2015; Ku et al. 2015) . However, focusing on one sex does not bias results, which only apply to boys and should not be generalized to girls. From a statistical point of view, focusing on a single sex is a way to optimize the study accuracy (limiting variance) in a context of limited total sample size (defined by our budget for chemicals assays) and possible sex-specific effects suggested by previous studies. From a public health point of view, identifying effects in a single sex, or in a specific sensitive subgroup, should be enough to support risk management decisions. Our analyses were conducted in a relatively well-educated population with a majority of nonsmoking mothers during pregnancy, but representativeness is not a condition of validity in etiological studies such as ours (Rothman et al. 2013) , and focusing on rather homogeneous populations might actually limit bias due to unmeasured confounders. However, we cannot rule out the possibility of selection bias.
Reliance on a single maternal urine sample generally leads to exposure misclassification in the case of chemicals with high intraindividual temporal variability (Perrier et al. 2016 ). If we assume that error is of classical type, then the expected impact corresponds to attenuation bias, its amplitude being highest for bisphenol A and DEHP metabolites, the compounds with the largest within-subject variability (Perrier et al. 2016; Rappaport et al. 1995) . For this reason, the lack of significant association with most exposure biomarkers, in particular, bisphenol A and DEHP metabolites (those with the lowest intraclass correlations and hence the largest attenuation bias), should not be seen as strong evidence of a lack of effect of these compounds. We had no information on postnatal exposures, which might be correlated to maternal pregnancy levels, so that in theory, any of the associations reported here could be due to postnatal (and not specifically prenatal) exposures. However, it has been shown that phenols and phthalates biomarker concentrations measured postnatally in children were poorly to moderately correlated with those from their mother during pregnancy (Casas et al. 2013; Whyatt et al. 2014a ).
Conclusion
In conclusion, our prospective study relying on respiratory outcomes and pulmonary function tests showed possible adverse associations between prenatal urinary concentrations of 2,5-dichlorophenol, ethyl-paraben, bisphenol A, and DIDP biomarkers and respiratory health in boys until age 5 y, with ethylparaben and bisphenol A exhibiting some consistency across respiratory outcomes. The associations of bisphenol A pregnancy level with asthma diagnosis and bronchiolitis/bronchitis have been previously reported in a cohort study among boys and girls (Gascon et al. 2015) . Our results add to an emerging literature on respiratory health impacts of early exposure to several phenols and phthalates.
